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B (54) Title: HIGH-SPEED CURRENT SWITCH CIRCUIT 
= (54) iSSmSX^ ^yf'IslK 



o 
O 




(57) Abstract: A high-speed cuirem switch circuit 
comprises an N-typc MOS transistor (QU) for switching 
and outputting a current and a control circuit (11) for 
switching control of this MOS transistor (Ql 1). The control 
circuit (11) forms a source follower of an N-typc MOS 
transistor (Q12) and a constant current source (12) that 
is its load. A switch (SWll) is connected to the MOS 
transistor (Q12) to control a current flowing through the 
MOS transistor (Q12) by switching. The control circuit 
(11) includes a switch (S\V12) for grounding the gate of 
the MOS transistor (1 1), The source of the MOS transistor 
(Q12) is connected to the gate of the MOS transistor (Ql 1). 
This construction enables high-speed switching action even 
if a large current Hows through an output transistor. 
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(57) mid: 

^NMcOMOS b vVvX^Q 1 it. C(^MO S h7>vX^Q 1 1 

. NM©MOS V7>i^}^^Q 1 2 '^(DnWX'^^^m.WiM I 2 Id 
«fc 0 7-X7:^-□T*®^LT^,^^o MO S h v >i^X^Q 1 2 {Zlti. 
MOShv>i^X^Ql 2 izmti^m^^^ -J ^ > rmmt^tziblz 
. X^'y^SWI I ;6n^i^$nTi,><Bo ^ /s. $iJ^IhIS§ 1 I ti. MO S 

hvVi^X^l 1 ©y-b^r^itbe^E/^tx-f-y^sw 1 2^^^-:?t^-s 

, MOS V=7>'J7.9Q. 1 2©V~XH. MOS h7>vX^Q 1 1 O 
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5 iOffirob— tf^^^^-HIESjUlgStcti. U-if tJ'V:^- H^M-r 
10 ^©tA^^I^IlIgSti, m;^ffi©MO S h vVi?X 1 MOS h v> 
i^X^Q 1 0 Kb-r VtcM^^tl'SX'l' ^y^SW 1 <h> MOS h^Vi^ 
X^J'Q 1 tcm^cD/NVTXmflE^^i^-r'SMO S h7>-^X^Q2 
MOS h7>>:;x5'Q2{::^S?jiE*#^$§^^^S^iliI 1 t^i[x.Tl^ 

15 X-^''y^SWni> 1112 l{::^>-rJ:d{-X^>y^>^fflOM0S 

yv?^^ctd^^hmf^^nr\.^:ho MOS h7>vx^Q3ti. 

- h (o/N* 7 7 B F LTX-T 'y ^ V :^*ft#5i><EPilP$ n-S J; d iztj: o 

20 4>ztiz^y)^ uos i^yyvAifQuzmmmmi^T.^ -jf->^^ 

Z<0'^^m^X{i^ m2 OlZTrst^'?^^. MOS h7>v?X^Q 1 (D 
as^-^gSt-X-f ^y^SW 1 *^i*A^tlT 1^-5(0-??, X'f ^y^^SW 1 

25 -Y T > X U > V? SrSi^-r (Ctt, X>r ^y ^ S W 1 >mjl^'b $ < t" 
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L) ©Jt (w/L) ^:k:#<■a:$•^^^i•f. ^©i^m. uosh^yv 

10 •r*)©:6<^n^>tLTl^^o 

C©ft!l©t!^*[5]g&li, A;'jfflOM0S h^VvXiJ'Q 1 MOS b 

2^, MOS h7>':^X^Q2(j:^mSit<S:^*&-r'l>^«2StMl 1 
^Tl^-So -eUT, MOS h v>vX^Q l®y-biMOS bvVS^ 
15 :^^Q.2(DY-h t^x^ ^y=^SWZifYLrmm-t^tti>iz^ MOS 

20 - h©£PADKjaE^0J^L. iltK^ J: 0 MO S h ^ >i?X ^ Q Hzi^A^ 

n^m^s I o u t*<x-r ^y ^>:r$n^o 

ttih-^^ •v^SW2 <SrTO^{i:t'S<b^^){J:X'f >y^SW3 * 
r?lt^®.<!:-r^3.<h{^ck "9> MOS b^ >v?X^Q 1 ©y- hmjE^MO 
S h7>P7s^Q2i)^^m^^^n^^U77.^mMf£YhtLr^ MO 
25 S h-7>e^X^Q 1 LTl^§o X-f 'y ^ S W 2 Sf^Jfcl^Ji 

{c-r^ti:*,(3;;^'l'«y^SW3*^iKMtz^0iS^'Si::^(::J:r)> MO 
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S b^Vi^X^.Q 1 (D^~bm}±^m^m.&.V s stLX^ MOS b^ 
>v?X^Q 1 $:;t-7^: LTl^-S)o 

ZiD^com^m^-eiU MOS h7>v?X^Q 1 oy-hmi£;6N\ m 
mm^Y s s T;^^*&«ffiV b tX'iL-^±ilf<^^t>±i}^ 9 B#r^ 

5 r li. ( 1 ) ^{iJ; 

r = Rx C g - ( 1 ) 

1 /Gm©|li:0?D-^*D. C gtiMOS h7>i?:x.9Q. 1 ®y~bW 

15 i-^^^^mg (W) (L) ©Jt (W/L) ^:kt < -a-^-S^tt 

-r. -eoilSm. MOS b^>vX^Q3®y-h#»Cg7&^;^t <7^d:^ 

20 •\'-v'-^' Vi^x^i/a V^^^h^Vv^X^Q 1 © V - h {c^ t i; 

MOS h^>v?7.^Q2© 1/Gmt:/JN$ <-t'Sl-iiMOS VyyV 
X^'Q 2^^n'Sm0Sl l^:^^<-r'S. ^fctiMOS b.7>>^;^:$^Q 
25 2 01^^X. ■tni:b-^W/'L©ffl^;».:t<f'5i5g36^*)-5o b*^L. m 
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MOS h^>i?X^Q2 Oif^X. i-Uioi>Yf/L(Dm^:k^ <t^ 
Ztii. MOS b7>>';^^Q 1 ^MOS Vi^X^Q 2 U> 

MOS b7>vX;5'Q 1 ©y- h#»;6>';^t < <l <h;6>^. [HgSffiia 

^/c. M 0 S h 7 ^S^X ^ Q 1 lz:Km^^'^i-'J^Wib^^ ^^^{zit^ 
10 MOS h7 ve^X^Q 1 ® b7Vi?X^-9-'f X (W/L) <-a-^ 
^^^#-f\ MOS h^>yx37Q 1 c)y-h^aCg/6^;^t 

^ElSS-e*). MOS bvyi^X^'Q 1 ^rlii^mx-f 'y^>^^t-'S<^)}6<B 
^ <!: -5 ^ /Co 

0 1 9 \Z7r<f%mm<D-m>L LT«. m 2 3 ^^l-J: 9 > 
z.<D^) M^iiCUOS^ y^'^-^tiifo)^ y/i- 

^ (E^mi") 4 <sr. ^ 2 3 iz^s-r^ 0 iz^m^mmzmmL. mmm 
25 <Dtiit}^^^(DXtnzmM^'^rg-Bmm^-^^t(D-^^^o 
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f = l/2nr •••• (2) 

^ ttl ^ o 

x^^mmm^i^^-j^ms^^^^-t^ztiz^^o 
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. il^^'&i-ti. V-X7T PT;6^^>^7ffij{'p-t^|^{:i. ^©/^T 

15 mWSm^^'^m-^ t ©T'*^ HufB««iti!RAM<0il5^m^X>r 'y 
^iafiS«. m^^rx-f 'y ^>^LTai;^7-r^|g l ©tli;^ h v>vx^<h 
. % 1 <DV-X7;r aTT-JT^^^n. MIB^ 1 (Dai;tf b 7 > vX ^ ^X 

-< <y^>^*0j^siii-'S^ 1 m\m'm%t^m^-. i o7-x7;i-p 

20 ^>{c:, HfilBll 1 ©V-X7;*-arti^ 1 ©X-f >y^!^/r^tLT«M«jE 

umt^m 2 tr^^. Huiam 2 © v-x7 nroai:^^ 

m 2 O V-X 7 a T «^ 2 ©X-f ^y ^S::f^^E LT^ife-t'S J: 7 1::=^^ 
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mB^mitizmr^^^rmmm^^^^mzt^ ^ ^ iztji^x\.^^, 
20 z(D^^tmm^htji^^mm0^mmz^H(,i^ ^mmim^. 

^^}&t^t^iz!Bwm^<Dmmm immmB) \zm-^^^r^^mx^ 
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10 ^^m<D-Mm^m&mmit^ mmmmmtiK cornet tz\,tm 

1 2 
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o 

5 mm<Dmmtmm 

15 »y^gltf*-So 

20 ^•tjUM-e^'So 

El 9 gj 8 \^7r<t^ti^^mmtm^(n>m^^^>rtm^m'^i>^. 
m 1 0 m 8 [zmir% 1 mmm<D^i3mm.(DmL^mMf ^m-^ 

^ -So 

25 El 1 Hi. *%B^©#©ii^ms5x-r -J =f-m^(r>%2mwfm(Dm^ 

1 3 
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10 

15 mi ^^(ov-^f'it-YmWim^orfuvi/m'^-^^o 

1112 Hi. m 2 0©;^^ 'y9^©:g#:6*I?^ci:«^^-rm-^fe-i)o 

20 1112 4 a. m^o^^a^mm^om^^^^^-f-fu^y ^m-^-k^o 

1 4 
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^IJHIIISSI Iti. NM^MOS h^Vi^X^'Q 1 2 -^on^-^^ 

X^Q 1 2 (iild;. MO S h^V^X^Q 1 2 l^i^Lti^mgSt^X^ «yf-> 
^*$iJta)-r'5fcii)t;i. MO S Vyy>>y^^tj:ti)^i^tji:§,;^^ y^SW \ 1 
/6^^ii^$nTl^-5o tfc. $IJ^I1SS1 Hi. MOS b7>v?X^ 1 lO 
y-ht:^g^itkgftJ^j:x-< >y9^SW 1 2 ^^^-el^^o 
10 $?>t3f^ie-r^<i:. MOS h7>i^X;5? 1 2 li. -€-©y- HA^/nVT 
X^^ 1 2(^g^|jl^tL> -ecDMVTX^^ 1 2 l3#t^$ni)/NVTXm 

X^Ql 2td:. -et^) KP-Y>i6^'X-r'y^SWl 1 ^/TLxm^lg^^V 1 

15 MOS hv>v?X^Q 1 20V~X*<. MOS h^Vv^X^Q 1 1 (D 
y-hlzmm^n^tt'^lz. ^«y-b{d:X^«y^SWl 2*/rLT 
mi^BUtti^XK^^, MOSh^vs^X^Ql Hi. -eV^KU-fv^i^ 

20 ^Tjgia^MOS h7>i^X^t?Stg5^'SJ:^^)oItlT?^.S, 

^MLxmrnt^o 

HOWlMM^MXHt. mf¥^izi,iMOS h7>v?X^Q 1 2 ©y- 
h {o/W TXmjEV b *«epiD$ tl'&o 
25 -eU-C. X-f 'yg^SWl 1 . X-T-y^SW 

1 2*^fei;fc^Mt3*^^ttc:ti. M0Sh7>vX^Ql Hi, ^© 

1 5 



WO02 51009 tfileJ//l:/Pats/WO02 51009.cpc1 



Page 18of 7£ 



WO 02/51009 PCT/JP0iyil292 



\>^tzim\^ti^t. MOS YyyV7.9QL 1 MOS b 

lout A^'^tl-So 

$iJ<SllHli^l 1 ©X^r-y^SWl 1 iX^'y^SWl 2 
10 $:3^S{:iTO^^L. MOS hv Vv?;^^Q 1 \(D¥-Ym&\ s^M 
Ui^XT.^ v=^y^m^^^^^t{Z.^V)^ MOS hvVv'X^Q I 1 

Co-?, MOS hvVv'X^Q 1 2(^)tli;^^>tr^:r>XZoli, M 

15 n v^^^>;^*g d s gm»g d s^-r^i:. (3)^oi:-5 

Z o ^ I /gm - ( 3 ) 
cnj: 0. MOS h7>i?X^Q 1 1 ©y-hSEVg75^0 V*^^^ 
^©mffi{J:i:*.±;&^-5^rBlr MO S bvVv'J^^Q 1 i©y-b# 
20 M^C g t-fnti. (X© (4 ) iC;©J:-5{-^j:'&o 
r = Z o XC g = C g/gm -(4) 

ZZX-^ MOS h7>i^X3'Q 1 2(DBM^yy^ ^y7.gTn\.i^m 
\,z.±^ <■t^z.ti^<^mx^^^ (4) (1) iCiJt^LT. R-f 
ncto^)^-^ 'y5^SW2®^>^iaRo n^MOS h7>i?X^Q 2© 1 
25 /Gm©fii^/h$ < t'5^:i:*<®li'i2:^i::Jt^. MOSh^Vi^X^ 
Q 1 2® 1 /gm«W^t-/J^$ <-f -BC^d^-^t^o l/gm<R^Ja: 



1 6 
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T*S)^MO S h ^Vv'X^Q 1 1 bmi±©M^^. V-X7:d-a 

T ^mm bxn dJ^diz Uzox-^ mo S b ^ > v^;^ ^ Q l i {z:kmm 

isitSMOS b vV'i^X^^Q 1 2©y-b{i:ffliPl-^/WTX«JEVb 
15 I ou t^^i$o3^-9t^bv>v?X^®-9->rXJ:bi;iJ;0fiEl3^ST-t 

NM©MOS b7>i^X^'Q2 1 t^m2lZ^t^^lzmMttz^(DX 
20 BTfiz^om^^j^-^^o 

mum^ 1 1 El 2 m^-r ck 9 u:. la 1 ®mii[iis& 1 1 ftom 
:$-&jtmm±mmx^^if^^ mi(DMM^ni 2^mos b^vv^x^ 

Q 2 2 (-at^;ifc;^2iWd:'Bo 
MO S b7>i?X^Q 2 Hi. MO S b^Vi^X^Q 1 1 © b' V 
25 ffli{-lt^Jif^^n'5J;^{j:, MO S b^V^^X^Q I l^KU-fViiii 
1 4 t<omizmA^tiX\,>^o 

I 7 
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M©MOS h7>i^7.^Q2 3^ i3j;t;NMOM0S b v>i^X^Q2 

5 -?:LT. MOS b^>i?X^Q2 3> MOS hvVv^X^'Ql 2. is 

<fct;MO S h7>vX:$'Q2 1 L- > h 5 ^-^^ifig't'S J: 0 (37^£o 
T^,^-5o 1-^j:t)*>> MO S h7>v;x^Q2 3 li. -e©y~ h <b-e© K 

2 ^MOS b7>i?X^Q2 1 ®^y-b«^$tiTl,>;g)o 
10 ^fe. MOS h7>i?X^'Q2 4 i:MOS b v>v?X^Q2 2 li, * 

b V b ^7-^^^-t^<i: 9{-?'ctoTi>i)o -rnsbt.. MOS hy>V> 

^{i:. e:Ocfc'9^d:«^2i^^nf'B^2|ISfeJ^M(DSjfp(^ocNT, 1112^ 
2:<^)^2(^lljfeff^ll-e{i. i&fP4J{-«M0S hv'^-yx^Qi 2oy 

MOS h7>v^X^Q 1 'e<7)y-h;5^X-f 'y^SW 

1 2{i:J:0m$nT:t7:t^gli:^j:^<^-e. -e©i!SA«gftI ou tliSS 
25 nj'Jt^/^o 

1 8 
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^> MOS h7 Vv?X^Q 1 1 oy- hlcti, MOS h7>i^X^Q 1 

MOS VyyZ?:^^'Ql ll,tt>'JmiZtjit)^ ^0m\mmi out;6< 

5 i^^-t?. ±i2(^J;^lz:. MO S b^VS^X^Q2 4 <bMOS h7> 

'J^^Q2 2ti*b>h5 7-^«filcL. MO S h^>vX^Q 2 3 i 
MOS h^^v^Xi^Q I 2 b> b ^ 7-^^i^t-CV>^o 

Z(Dtztb^ MOS h7>S?X^Q2 4. Q2 2 ©^y- h O 
mfi[*<-^;tf)nTl,>'5©-e. M0Sh7>i?X^Q2 2 {3ti. ^©M^ 

^/s. MOS hv>vX^Q2 3. Q 1 2 Xit^. MOS h7 

>vx:$'Q 2 4 . 0.2 2 (D^'< xittm-<D^^ xitx-mmt=^t. M 

OS h^>yXi5'Ci2 3. Ql 2cD#y-h • V-xSEVgsii. ^ 
L<^j:^o MOS h^>v?X^Q2 3. Ql 2 ©^y- hmjEj^^l^ i; 
15 ti>^^^ MOS b7>>?X^^Q2 3. Q 1 2 (DV-xnS.t^^L <tl^ 
0 ti^^T, MOS h7>v^X^Q 2 4 . Q I 1 <^#y- h Sff L < 
^j:oT. ]i| h-7 >-:^x^H:i7 b = 7-mWAz$,^(DX'^ MO S b 7 
Vi^XrS'Q 1 1 Iz^^MMWil o u t li. <^tC(^ ( 5 ) it;t?^-r<fc ^ {-^<£ 

-So 

20 I o u t = I X (K 1 /K 2 ) - ( 5 ) 

^C-t?. I tiMOS h7>i^X^^Q2 4 {H^SStl'SS^it-^* 0 . K 1 it 
MOS b v^i^X^Q 1 1 (D h7>i>^X^-9--f X-e^O. K 2CiM0 S 
b^Vyx^Q 2 40h7>i?X:5'-9--f XT-S)<5o 
J^i±IJiB^L/sJ;d{c. c©^2IISfe?^MTHi. MOShvVv'X^Q 
25 1 KDY-vmS.om^:. V-X7:tnT$:f)JfflLTtT-5«k^l-Lfc 

^iiiSfe?^^^iiiiio3ajmA^?§e.n§o 

1 9 
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Q2 4 ^MOS hv^i^X^Ql 1 tii^iJ U > h I y -m^'k^t ^ ^ 
oizm^LfZo Z(Ofttb^ MOS h7 v-:^x^Q 1 lizi^n^mw^. 

, MOS hvVv'X^Q 1 1 ©Kb>r vrnjESr^^LTi/N-l.©-??. 
15 ;^:&^M#^b•r^^^t^^:> MOS hvVv'X^Q 1 '1 ©PlAmgit I o 

z<Dfztb^ z(Dmz mMmmxit^ m 1 oummm 1 1 3 iz^t 

-So 

1 1 Bti. in 3 d/T^-Tcfc 0 HI ©©J®lHlg& I 1 t^cDm 

^mtm^immx^^TbK mio^m^mi 2^mos hvvv'x^ 

>vX^Q3 1 ~Q3 AtJii£t-^h>mf^^tir^^^o MOS hvV'Z^X^ 



2 0 
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3 1 ^MO S h^VvX^Q 3 2 tit. mWy^ > 1 Zt7-7.t(Dm 
{zm^^Wzm^^n. MOS V'yyVT.^Z 3iM0S h7>v?X^Q3 

MO S h 7 Vi^X 3^ 3 Hi. h Cl^Et^^W rxSE^If^M 

ttc. MOS h^>v^X^Q3 1 ^MOS b^Vi^X^ 3 2 (D^Mm 
»(DBiE^/NV7xaEVb <!: LTS^OI±SL> i©MV7xm/EVb 
;6^'M0S b7>i;x^Q3 3, Q 1 2 <Z)^y- M^epiD^ti^ J: d t-^^ 
oTO-So t»^^T, MO S h7>i^X^Q3 3. Q 1 2 * l/> h 5 
10 7-OK#{j:*,^o 

^^IC. MOS h7>S^X^Q3 3ti> MOS b^VS^X^J'Q 3 2 

-So MOS bv>yx^Q3 Z(DY-Vt7-7.t(0miZ. l^tgKihffl 
ronVT'VlfC 1 1 A^g^ig^nTt^^o 
15 ttz. MOS h7>>^X3'Q3 4 ti, -e©y-bj6<M0S bvVS^X 
^Q2 2(^)y-h^|i|^i{^«^i^^> 1 3(::3ii^$nT. m-om&ii^ 

mu^ti^^Oi^tl^rK^:^, U^X. MOS h7>i?X:5'Q3 4. Q 
2 2{i> ijuyv iy-(Dm^Jz^;ho 

m^. z0^dtmm-''o^^m3^mmm(Dmm!^'::>^^x. m^^ 
^MLxmrni-^o 

25 MI. >'NVTX€JE%*|HlgS3 1 d^^W/NVTXmffiVb^^epAp^n'S 

2 1 
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^LT. T.'f'y^ SWl 1 >&^T?gTO. X^-y^SWl 2f)^m^miz$, 

^t^im. Mos b7>v?x^Q 1 1 li. -e©y-h*<x-r v^^sw 

MOS hv>vX^Ql 1 (7)^- htcti. MOS h^VS^X^Q 1 
M 0 S h V ^ Q 1 Hi^r V^Mt::)^ 0 . -eoiJRAm^jiE 1 outi)^ 

10 ^:c:^r% ±E<^J;-9t3, MO S b^Vv'X^QS 4 iMOS b^v 
e;x^Q2 2ti*b>b 5 MOS h7>i^X^Q3 3 t 

MOS b7>v?X^Ql 2 b> b ^ 7-^^RKLT^,^^o 

ZOtztb^ MOS h7>>^X^Q3 4. Q2 2©#y-b{cm^-© 
«fi:*^4^f)nTV>^©-e. MO S b v>i?X^'Q2 2 (illi. 

15 O b7 Vi^X5'-9->rX®J±{^fci:i;/cmgit*<»'S, 

ttz^ MOS bvyi^XiS'QS 3. Q 1 2 (T^lt-f XJrt^. MOS b v 
>v;X:5'Q3 4. Q2 2 (D-t^ Xittn-'(0^-< XitX^mf^t^ M 
OS b vVv^XrJ'QS 3. Q 1 2 O^y- b • V-xmffiVg s m 
L<fii^„ MOS b7>vX^Q 3 3. Q 1 2 (D^Y- VME-ibmi^ ^ 

20 MOS b7 Vi^X^Q3 3. Q 1 2 07~xmjE:6<^ t < 

, ttr^r, MOS b7Vi?X^Q 3 2. Q 1 1 ©#y-b«ffi«^L< 
tt-oX^ M b^Vv^X^ti:* Ix> b 5 7-M#J3$)'S<^-e. MOS b^ 

25 I o u t = I X (K 1 /K 3) - (6) 

ZZX-^ I aMOS b7>V7.^Q,Z 2 inmn^mW-Xl^^^ K 1 U 

2 2 
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MOS h^Vv'X^Q 1 1 © b7>^^X:5'-9--rX-??^0. K 3tiM0S 

^i^-e, c:0||3|liliff^M-e«. S3 {z:^-^J;'9ti:. MOS b^y 
t^X^'QS 3tt. MOS b7VS^X^Q3 2 H J;-S^iiilHlE&$:^x.. 

M0Sb7>i^X^Q3 1>Q3 KD^t^A y^-fy^^Z M 
OS h7Vv?X^'Q3 2©3Vr^^'VX^gm^1-'&<b. MOSb^ 
V$?X^Q3 2 ?ft^{::«):-SI|;l/-^©*iJ#Gli:. <k(0 (7) ^T-^^b 
10 ti-So 

G = - (gm/Z o) - ( 7 ) 

Z(Dm)l-y(Di\},t} (MOS h^Vv'XrS'QS 3 0V-xmffi) t!)''^ 

OS h7Vv?X:J'Q3 3 oy-h{l!|{::'JiiS$tL'So iJlT?, Zo/gm 
15 <l-efe«9. ■€:Oll§Ji*^i@i6r/j^$^^f^:«>^z:, y^-f TXmffiVbOE 

Z(Dtzlsb^ MOSh^Vv'X^Ql 2(Dty-ty^lz^ MOS b7> 
20 PJ.±mnLtzXoiz^ C©^3|li6feJ^)i-eii. MOS bvVi^X^Q 

^l^^fe?f^^<h!l)^®sl)m>6^^#bn^o 

c:©/NVTxmffifl^liIg&3 1 ^m^t^MOS b'yyVT.^ 
25 Q3 2 ^MOS hv>S?X^Q 1 \ tif'iiX^y b^^-m^.^^'t^^ 
Olzmf^LtZo Z<Dtzib. MOS h^Vv^X^Ql Hz^ti^m^^^ 

2 3 



wo 02/51009 



PCT/JPOl/11292 



-e^T*. mAmmm-Q^t^ mA\z7r<t^^\,z^ iii©NM<DMos 

V'yyi^T.^Q. 1 1 ^:PM©MOS b v>$^X^4 1 -5 1 <h ^) {c: 
10 . m\(OWlS»m'^\ 1^11 C©J:d{cft^'5J:^U:LfCo 

-ttlh%^ WUm^ 1 1 Cli. PM(DMO S b^>i?X^Q4 2 

OS b7>v?X^'Q4 2loti, MOS hv>yx^Q4 2 tern's «»fi 

15 -y^swi i7&^^i^$nTi,^^o ^tz^mnm^i \c\u Moshv 

V>?X^4 1 oy-bSrm^Hv-O 1 3{i:^M-r'l>fci6ox^>y^SW 
I 2 ^^^-el^^o 

$ h\zW7&t^t^ MOS b7>v?X^ 4 2{i. h^&V'^-r T 

X^g^ 1 2{z^^$n. ^©/WTX3g&^ 1 2 ^^:#^^a$n^/^VTXS 

20 jBEVb*<y- ^{i:Epip$^l'5^^^c^co-cl^^o MOSh^vv* 

MOS h v>-:^X^'Q4 2©V-X*\ MOS h7>v?X^Q4 1 O 
25 Mix-f -y ^S W 1 2^r/hLr 

Ml^^-f > 1 3 ^^:^^S^^{::^i;^Tl^'S, M0Sh^>v'X^Q4 Hi 
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g^swi 1 tx^-y^swi 2 t^^m^Lm^mtt^ mos hv>v 

J: 0 , M 0 S b 7 Vi^X ^ Q 4 1 ©tb;tl€^jfE lout ^^^j^^J^cm^^ 

15 TSr^iJ^LTtT^<k9t-Lfcro-^. M0SbvV>'X^Q4 1 {c:;'vmgit 
20 ^ 4^ife?|^l^{^:-:)^,^T. . ^ 1 IIM^jll^m2 *fc«B 3||fife 

25 -J ^laSI 5 1^. €SS^AM®l^iim3StX'f y ^m&& ^zt 
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10 /£^)©T^-&o 

15 „ 

^UT. ^oHiteJ^M-^ti. EI 6 13 ^-f J: 0 (11. i^jSft^X^ >y9" 5 
1 lrM^-r-I.MOS h7>^^X^Q4 \(DV']y-i>t. if >y 

;^73g? 1 4{3^ii^gl$tl. MOS h7>i^X^Q4 K Ql 1 «n 
20 'SS^^:tiJ;t?5!S?^ 1 4*>^^S{3|U;^-r-&J:•9^-'^J:^T^,^^ (ia7#M 

) o 

^>:ri!jf^-r^^gfiitt|aM^«MAM0lSiim'^x^ >y ^lai^ 5 1 , 

2 6 
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1 1 -^iS:^$n'SS^*^i-«^tM^m 1 (^mMg& 1 i7tn2(D 
«0St»i 1 8Mo^;i-i>^siiis§i 1 2t. miommm^i 1 7 

10 -So 

m0tE^liI8& 1 1 ni> NM<7)M0S hvVi^X^Q 1 0 1 tHMo 
MO S h7 >v7.^Q 1 0 2 <h;6^^>J^j:'5m'tfS5 v-lHllf&>6^<?>3^i: 0 > MO 
Shv^v^X^Ql 0 1 I I N^iS:^-r^<h, c:<D^fB15 

15 •9li:'^.CoTl>'6„ 

1 1 NM(DMO S b'7>'^:^^Q.l 0 3 ^NSt^MO 

S h 7 >S?x iS' Q 1 0 4 T^d: e> t^j: 0 . m^tlS^HIlJS 1 1 1 of^^m^St 

^^iwSS^ftSl 1 7 iz'^itt^ {:iM OS byy'J:^^CL 10 4^^ 

x^L. 't<D^zm'^^w 2 ommm^ 1 1 8«-r<i:t{c:Mos 

20 yi^X^TQ 1 0 3*4->{z-r-SJ:9{J:J'cj:-3Tl^'So 

1 3 ti. ^ 1 CD«0fE^M 1 1 7*?^fig-r-SPM0)M 
0 S h7>':^X^Q I 0 6 PMoai;tlfflMO S h v Vv^X^Q I 0 
7 ttf^m.^S.y-mU^'Bmt^J^^lzU^r^.-^^, Z(Dtzit>, MOS 

h vvs^x^Q 1 0 6> Q I 0 7©#y-hi^{i, tti^nv-xy^t 

25 aT^^^-r-SPMroMOS h^Vi^X^'Q 1 1 0. Q 1 1 1 ®#V- 

xmii3&<ffiiD$n> MOS h^vi^x^Q i i o. q i i i «^ ^oy 
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i®J:-5{;:mgS^7-|sIfi& 1 1 3 tt. MOS hvVv'T.^Ql 0 6 <»: 

Mos h7>i?7.^Qii 1 otifmmmm (ji^-ym^) inti^u 
OS bvvs^xQ 1 0 7 ^Mos hyyV7.^Q \ 1 1 ^ /6> ^, ^ ai;^ 

10 -^t^T. ia8^#MLTm0fl-r-S„ 

n&mi^^ 1 0 2 ti. MOS hyyVX^Ql 0 1 (D K H' v{^f|^ 
i^^tl. -e© Kb-Y VtiMO S h7>S>'X^Q 1 0 U Q 1 0 2 (D^Y 
- blz^n^tl^a^tlTt^^o MO S h7>-:^X^Q 1 0 U Q 1 0 

15 A;^7^i^ 1 0 Hi, MOS h^Vv'X^Ql 04. Ql 0 8. Ql 0 
QO^¥~himm^tL^ttti.z.^ ^>/t-:5' 1 0 3<^/rLTM0S 
h-7>i>'X^Q 1 0 3(7)y-h«,^$tlT(,>-S» MOS h^V^X^ 
Q 1 0 3. Q 1 0 4©^V-X«*M^il$tl. ^©i^ii^^^^^MO 
S b^V^^X^^Q 1 0 2 KU-f >{^igi^$tlTl,>^„ 

20 MOS b7>5?X^^Q 1 0 S^KU-fVli. MO S b 7 Vi^';^ ^ Q 1 

0 5 O Kb-Y Xzig^i^^tl. -e© KU-fV^iMOS b7>>^X:5'Q 1 0 
5(DY-hizmf^^n-C\,^^. MOS b7>$?X^Q 1 0 5®7-Xl3 
it > lai €/E V D D ^ti^^olzfji-yXK^^. 

MOSb^^'v^X^Ql 0 4<^)FU-r>tt, MOS b7>5?X^Q 1 
25 0 6. Q 1 0 SO^KU-f V. iJj;r;?MO S b^Vi^x^Q 1 1 0. Q 

1 1 Ko^Y-hiz^H'eHl^m^tiXi^^o MO S b^Vi'X^'Q 1 
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0 6<Dy- htt, MOS h7>v?X^Q 1 I 0<DV-X. h^zfUitim 

mMMitm^i 1 A(D^,t}mi.z^M'nmm^nx\.^^o ttz^ mos 

5 MOS b7>V7.^QL 1 0 8©^- MOS h vVv^7>^Q 1 0 

9®y- h{i:jii||$tL, MOS h^VvX^J'Q 1 0 8(DV-Xlt^ WM 
n}£yDDtm^^ti^j^Ol.^U^Xi^^, MOShv>v;^^Ql 1 
0® Kb-f MO S h^Vi^^X^'Q I 1 0©V 

10 tJi^X\.^^o 

i^tm^MMitm^ I 1 4 >/N*-^ 1 0 Z(Dliitl. iJcfcT/m 

^^^c ttc^ Hs^tim^mMitm^ 1 1 A(o\i^ti^^^it^ Mosh^vs? 

X^Q 1 0 90Kl-f MOS h^Vi^X^S'Ql 1 lOV-;^, fcj: 
15 tJ^MO S h^Vv^X^S'Q 1 0 7®y-^{Z-etL^tl^il$nTt^-5„ 

MOS hvvyx^Q 1 0 9oy~xti. mmnmYDDtm^^n 

-Sck ^{Jl^^dtoTlN^o MOS h-7>yX:57Q 1 1 1 K b^f >ilgife$ 
tl> MOS h^Vv'XrJ'Ql 1 1 O V -Xli^mgfiai 1 0 b^^LXM 
Un&YDDtf^^m^n^^r>lztj:^X\,>^, MOS hv>y;^^Q i 
20 0 lit. -e©V-X{cm^S/EVDD*<^$0$n-5J:d{-?^j:-9TfcO. 

-ew K ly-f >ti^iiit}fs^^ 1 0 6 izmm^nx^^^o 

MLxmrnir^o 

25 <»;LT0NMa)MOS hvVS^X^Q 1 2 1 JttglElg& 1 2 2 ?U 
Sa<fclHlJ^l 2 3 ^^#^■^^,^-s„ 



2 9 
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MO S h-7>vX^ 1 2 Hi> MO S h^Vv^'XiS'Q 1 1 0<^y-X 
tMOS h v^i^X^'Q 1 1 l©V-X<i:©r^{i:^^$n. Jti^ms&i 

2 2 i!^i^(Di^itn^m-^\'^rty bxmmit bxmt^b. wm<tmm i 

5 

Jt^iaSS 1 2 2«. MOS b7>v?X^Q 1 2 2. Q 1 2 3. fcJ:t; 

^mt\tmL. t(oiiitimm^m^m^±m^fzm-^iz^ mos hv> 

10 i^X^Q 1 2 1 

±sB<^Jt^IsIlE# 1 2 2;6^*J±i?-r'S.|t©^^ttti. '^^ti. M 

o 

lSOm<tmmi 2 Sti. mos h^Vv^X^Q 1 2 4;6^?>nj:9, MOS 
15 h^Vv'X^J'Q 1 0 7 (Ol^timM(D^Li>-rt^^miZ. MOS b7>>^X 

^'^^mj&t^t. MOS h7>vX^Q 1 2 2(^y-h{i. MOS 
h7>e^X5' I 1 1 (Oy-X*Jj:tJ^M0S h^Vi^X^Q 1 0 7 (DY- 
hlcglt^nTt^'Bo tfc. MOS h^VS^XrS'Q 1 2 2 0V-Xli. 
20 ^^^.mHVDD;i>^^ft^$n'&J;^{^:^^j:^T^,^>&o 

MOS hvVi?X^Ql 2 20Kl'>rvti> MOS hvVv'X^Ql 
2 St^KU-fV, MOS hv>2;x^Ql 2 4(DKb'l'>. fcJct/'f > 
/^-^ 1 2 A(DAtlMl^i^B^nx\,'^^o MO S h7>S>'X^Q 1 2 3 
ti. it^m^l 2 2;&^M0S h7>S^X^Q 1 0 7 <D\ht)mm^iiMt 
25 -SI^^JL^lNfit^^^^f -S^^-e^^o dWMOS hvVi^X^'Q 1 2 

3«. "froY-hi^xtimMm^i iNi/^mm^n^ -eov-x*^^* 



3 0 
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H'V/'C-^ 1 2 A(Oiht)Ml>i. MOS h7>i^X^Q 1 2 I oy- h 
{^:g^«fe$nTl^-S„ ^fc, MOS h7>v?X^Q 1 2 4 ti. -eoy~h 

5 

MOS \^y>V:^^Cll 0 9 {ziEPiP^tl'SOTN MOS h7>i^X^Q 
10 1 0 9«;*->0)K]ii(::*)i9, KN 6 {z:td:miiS/EV D D;6<epJo$n 
TlN-So Z(Dtztb^ l^tlM^LMMitm^ I 1 4 (DM OS h^Vi^'X^'Q 
1 2 2<DY-h{zmW.m!£VDDib^m[i^n^ M0Sh7>v?X^Ql 

15 ©tiS;f7<B!lt± THJ \y-<)Vtti.y)^ MO S b 7 ^v^X ^ Q 1 2 Hi;*->Jt^ 

MOS h^vyx^Q 1 0 6. Q 1 1 Qt^ibti^n^&mmziix.^x^ 2 

'So 

±>6^ 0*6^6^ MOS Vyyi?X9Q. \ 0 4 ;6^;^- V-T'SGJT. MOS 

25 h7>i;x^Qi 1 oc)y- h«tei5j;i;-€-©v-xm'fii: (y-KN 3 

3 I 
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J- KN 3 0«fi[7i^A£:^T*<'9tii;ii)'5t, MOS h7>i?X^Q 1 

*<M0 S h7>v?X^Q 1 0 7©y- h -So CK^y- hm^t^ 
5 J: 9 MOS h^VS^X^Q 1 0 7 0tli;'jm^L*^3it.±7&-« 9|5&i6-So 

i?X^Q 1 2 2©y- hm/El-^C-SroTN MOS h7>>^X^Q 1 2 2 
{^{i. MOS h^Vi^^X^Q 1 0 7©ai:^3««Sl{-tB^-t'&th:^m^*<0it 

10 Wmt^iL^ MOS hv>i?X^'Q 1 2 2© FU-f vmffi*<> ^ 

©L^l^^ii(;I^JiE1-'5-Y>/^^-:$' 1 2 4 L#(.^fiimjE^S^^ <i:. 
CQ-f >M'-:$^ 1 2 4 (7)t±j;'ji6^ TLj V^)\^iLfl^. 

Z<om%^ MOS h7>i^X5'Q 1 2 Hi;t72|:^^{^/d:^©-e. /- 
KN 5 ^y-KN6 ^roreltd:. iiSfeSiOMOS h^^^X^^Q I 2 1 {3 
15 J:«9TO$nfeTO^'^'5c 

ClOJ: ^t^. y- KN 5 <!:/- KN 6 <h(or^;6^TO$ ti-^if-^t^iti. 
MOS h^Vv'XrJ^Q 1 0 6. Q 1 I ^is^hU^mW^mz.'^^^X^ 2 
<^0@^^^-r-S#*mi^*^M OSh^VS^XrJ'QI 0 7 ©y- h#» 
:^^flt<k^£oT/h$ <:^j:^©T% 2{J(i<7)i|l{iif^^{;:|S:^$tiT. -fiiffi 
20 ^?§l±^?!I^ti6 0" K(±^:V^•9 J:-9{J:+^a'{;:ffi'^$n-&o 

^0^> Khm^WMf^ THj FLj K;P{3^<bLTS: 

ja^tiiis& 1 1 4 ©MOS hv>v?x^Q 1 2 4 ©y-htJiEpjn^n'So 

3®$gm. MOS hvVi^XiJ'Q 1 2 4 A<;^->L. ^>>'-<-^ 12 4® 
25 A:t?{BI*Ei^{J: TLj -< W^-^' 1 2 4 ttMO S h 

3 2 
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&L±(D ^O^imf^lz. J;: OS h7>v?X^Q 1 0 7 (D^t}n'l^(Dm 

t-^l>t. y-KN5iy-KN6 icT^f^^MOS h^Vv'X^Q 1 2 1 
^;t->{^LT®|§-r'SJ: ^{-Lfco Z(Dfz^^ th:^m^ti> 0 1 0 ©ft 

10 hO^^-t'S^^Jt MJHi. y-KN5<i:y-KN6<h(Z)rBl^MOS h 
7>i^Xi5^Q 1 2 1 *^7(3LTTOL> -f^^Jib-^. MOS hvVi^X 
rJ'Q 1 0 6. Q 1 I 0 7!>^?>/^d;'S'ji31ll]S&©^^@^l&*+:9>{3m-t'SJ: 
^{^L/Co :L(Ofzib^ aj;^jmSii(i. 131 0 ©ft^Bt^^-t J; (-^-^''^ 

15 Uh^ m 1 0{3i3l^T, fl^CliMOS h^>i^7.^QLl 2 I 

. mi i^0mLxmmt^o 

3 3 
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ti'm.w^\\M^ 1 1 4 gi 1 1 \z7r<f ^^\m%<^mim:n-r>^ 

5 ti^^ Z on 2 HM^Jiofl&ogp^o^^li. El 8 \z.7r<t% 1 ll» 

zomzmmmmni^m i iisfejg®<z)di;(jS0it«M^biiigs 1 1 4 ^mm 
10 tut>-h^ mi o(ommc\z^t^oK^ j-h*N5ty-\fnet 

©FHl^^M$-{Jr;&^^{^ti. MOS hv>i:^X^Q 1 0 7(oi\!,timmt 
15 -h*^/jN$t>o 

6 tomimA (mm t^t^ mo s b7>>'x^Q i o 6> q 1 1 

9i7)M#Ci{^<:(^J:-9t-'iC'5o t^'jtb*). ffi,^ACi, 60' >9>30° 
©it-^T-^O. MBttd >6 0° ®^^-e*>i9x ffi^C«0<3O 
25 • ©Ji-^-e^-So 

#1^ li. z(om2 mMMB^c D - R/ R b-if ^^-r ^- h^m 

3 4 
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MOS h^Vv'X^Q 1 0 6. Q 1 1 0 t>^d:'S'ji^IlIS&©^ 

m\Z^um \ l©IliiE&©/-FN5©#«iI8ST**^o 
m^^-. y-KN 3 (Z)miE$:VN3. KN 5 ©«JE^VN4.h-t'5^. 
10 WiaiE&O^^Mmii-, i^© (8) ^©J;oli:'^j:§o 

VN5/VN5=( gml/Cl)x { [ S + ( 1 / (C2 x R) ) ] / CS 
' +S ((C2XRX (gml+gdsl)+Cl+C2)/(Clx 
C2XR) ) + ( (gml + gdsl)/(ClxC2xR) ]} 
•• (8) 

15 z.z-^^ gm 1 «MOS h^Vv'X^Q 1 1 ^ (O^mnv ^ ^ ^ y yi. 
> C 1 «MOS h7>v?X^Q 1 0 6©'«7'-hWa. R«igtn:^^l 3 

1 (DmHi^. g d s 1 tiStg^MlE^n y^P ^ >x-e^^o 

l^*> gm 1 >g d s 1 t-tn\.t^ (8) (9) ^<!:?^d:'5o 

20 VN5/VN5=( gml/CDx { CS+ ( 1/ (C2 XR) ) ] / [S^ 
+ S ( (gml/Cl) + (C1+C2)/(C1XC2XR) ) + ( 
gml/ (C 1 xC 2XR) ] } .... (9) 

(9) iti-cfctlli. m^^W^2d^Ou-J-^xy ^ (LPF) t 

25 3© (9) it;6^^, m<^<i^«wo t^j^mt^mz.ra t^l^tb^ 
^.i^<C©(10) ( 1 1 ) iC<^<J:9{^?^j:'5, 
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Wo =/" (gm 1 / (C 1 XC 2 XR) ) ....(10) 
Z.r. = 1 / (C 2 XR) .... (1 1 ) 

]<i±mmi'fz^diz^ W2mmmmiz^M. mim^^Mi'^^^d 

z<Dfzib^ tH;^m^{i> ^-/^v/i- h^-et'S/flj-iip$iJL/-c± 
2 0 U :9-J^II2 0 2. )^mJ±ic0S&2 0 4. «^l|2 0 5> i5J;t;iI 

0 6©tii;^a'^Mi§(DmM"Jti^ii^2 0 1 (DAtimizmMt^^^ 

25 izhO-^tb^o 

3 6 
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5 

mm^mm^ 2 0 3 k^i' • 7 r ^ >;^ihI8S OiTN-a- 

15 -f) -e^^$n^/^>K4^i'>yrmffiVB^. Jgt/t Rl 

1 0mm<Dmj±tizm-^^^ mmitmm^2 0 4 to^^-r^smgiti % 

OP 1 PMOS h7>v'X:5'Q2 0 U Q 2 0 2 ^iSR 1 1 
20 T&^'^^l^^n'So •t^<j:*>-&. :t^T>7*0P 1 •€-©-A;^*^{-ti 

1 oai:^7^?Ci. PMO S h7>v?X^Q2 0 K Q 2 0 2 h 

25 PMOS h7>v;x^'Q2 0 1 -e<D v-xi^m^^mmv 



3 7 
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0 ifiJiiR 1 1 ©^t!lSStig^Jlk$n-CO-&o PMOSh7>S^X^Q202 
(i, ^©V-X*«PMO S h7>S^;^^'Q2 0 1 (^>V-X{^g^i^$n'6 

5 4 OX-r <y^SW2 0 1 ic^M^nrt^^So 

10 z(Dtzib^ mmimmm2 0 4 gi 1 4 iz7fsir^>>iz^ a v-y- 

C 2 1 ^mffl©X^«y^SW2 0 1 mmm(D7,-( >y9^SW2 0 
2 ifemffl(^X^'y5'SW 2 0 3 <h;6>b^i^$tl'l>„ nVT^VifC 2 

1 <D-^«, 3£«ffl©X^'y5'SW2 0 1 ^/TLTPMOS h^Vv'X 

^Q2 0 zcDb^iy^ >izmm^ti^tti>i.z^ mmm(07.-( -^^sw2 

15 0 2 $^/^LT«^^^2 0 ^ o)^^r yrop 2 0-At!^^lzmm^ti 

VT'V-y-C 2 KDMi^l-ti. ii[mffi©X'f'«y^SW2 0 3;6^^i!$n-C 
«^II2 0 5 li. ^mii^ieIgS 2 0 4 ©3>7'>ifC 2 1 ic^iK^n 

^tTl^. ^®«^{ii:tf^fliE-fl0iiEMiE&2 0 Glzii^:^i-^Xolztj. 

Z0fctb\z^ m^^ 2 0 5 (i. gll 4{;:^tJ:o{^. ^^-'^T^rOP 
25 2 ^^fflrjT'V-y-C 2 2 <h36^b<i^$tl'So ^'^T V^O P 2 ti. 
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^ryfop 2(otiit}^^ii. mj±-mm^^mm2 o 6©pmos h 
5 mm-m^m^mm2 o e li. ^^5^112 0 5 (Diatim&^AtimBt 

zofzibiz^ mj±-m^mm^m 2 0 e ti. m 1 4 {^^-t j; 0 iz^ 

JitR 1 2.i:. mm-mW^m^ndtzifxDPMOS bv>v'X^'Q2 0 
10 3 /^•7~5^'?>|lJ^^iIS:^f dPMOS h7>i^7.^Q 2 0 4 i:. b 

> h ^ v-^JfM-T'&NMO S h^>S^X5'Q 2 0 5 . Q 2 0 6 tt^h, 

PMOS h7>>'X^Q 2 0 3 ti. -ec^V- h/6^:t^T>7'0 P 2 © 
mtim'^lzmm^ti-. ^©V-XtoigJaRl 2^/rLT«^SJEVDD 
15 ;6^ffliP$ti^ J; 9^-^t^T^^-5„ PMOS hv VvX^Q 2 0 3 ©KU 
-rvti^ NMO S h7>v^;^:5'Q 2 0 5 K b-T >{;:gi^$ tlTl^-i.o 
PMO S h7>v;5;^'Q 2 0 4 Ci. ^©y- h I^i/n-^-^-^ >ft-^P D 

PMOS h^>i?X^'Q2 0 ^(DY-blzMB^nXi^^o 
20 NMOS hv>i?;^5'Q 2 0 5 tt. K b-f >2!)^g3t?5y 

6(7)y-h{ct^^$tlTl>^<, NMOS h^>i:^X^Q 2 0 5 (55V-X 
ti^iM^tlTl^^o tfz^ NMO S h ^Vv'X^Q 2 0 6 {±. ^©V- 

25 mSSM^Jg^ 2 0 1 {3!fiiii-^ J; -5 {^:;^^■^Tl^-&o 

m 1 4 l3^>-t^aSJt^08& 2 0 4 ®:R#W^i;i|ifiei^ot>T. El 
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1 5^0mLrmmir^, 

m 1 5-??ii. m 1 4 IciitJ^X-r 'y^SW2 0 1 ^PMOS h7>v? 
X^Q2 1 U Q2 1 2t?||mt'S<!:<i:ttJ:> X'f •y^SW2 0 2> S 

w203^NMos h^>':^x^Q2 1 3. Q2 1 4 -e-en-ena^i" 

t^Jih-^. PMO S h vVv^X^Q 2 1 1©V-X«. ^m^ll|[p|g§ 

PMos hyyp:^9Q2 1 1 't<D¥-hi.zmmmm^m^2 o i 

10 TEpJp$n (Ell 6 (A) #M) . ^nt^J; 0;^>:^-7KJ«P$ti'l)J:^ 
^fc. PMOS h7>v7>^Q 2 1 2cDV-Xti, ^n^WM^2 0 

$nT^,^§. -?-LT. PMOS h7>v?x^Q2 1 2 li, -ewy-Kz 
15 ^^S2 0 2 oiiiti-r?:k^mmms.cnnG^Kmvtzh(Dmmmji 
cHRGNtLxmn^n mi e (b) #m) > :^>;^ 

7 $iJ1|l $ n 'I. J; d ^cC o T V^ 0 

3>7'>-9-C 2 NMOS h7>S^X^'Q2 1 3 

^:frLT«^||2 0 b(D^^r>-rOP 2 0-Xtli^'fizmB^H^t 
20 ^)(^. >T'V-9-C 2 I O^ftSgti^ife^nTt^-So NMOS hv> 

>?x^Q2 1 3{d:. t(0Y-Vlzmu^n^m\ 6 (C) (wTNtJ;9^<j: 

M«JS I NTE GlcJ: 0. ^y^ym'&^n^^oi.ztj:-:,x\,^^, 
t/c. 3 Vr'Vif C 2 1 (^M3g(J:ii> NMOS hv>v?7;^'Q2 1 4 

ibmm^tiX\,^^„ ^bX^ NMOS Vy>^:?:^,i'Q2 1 4 tt. 
25 -h{J:EPJp$n'5g| 1 6 (D) i.Z7rs-t^otlMmm}£Dl SCHGlzJ: 

10. ^>^7tltP$n'SJ;d{C'^CoTi,>-5o 
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mmmmm^ 20 KDiatj^ 1/2 ni^^m u/csae. *jj:t;«gSE^j 

ttz^ ±m(DmWm.J±D I SCHCti. ±iB(^$»JWi±CHRGN. 

nmmmm^ 20 1 (oai;^^ 1 / 2 n{j::$3-jii L^cmE<^^fe€E. 

D_N = N?^j:©T?. gl 1 4 {zi^fPMOS Vi;;^^'Q2 0 4 
15 ^-^^-^vM^^^ife (PD_N) {i.fcO^rvtJ^ffit^fe'So 3<35<ht. 
m^^ 2 0 5 oai;t?Vo u tli. '^J;l^iSiemE5 VtT^d^^o i^^c^i) 
. PMOS h7>yx^Q 2 0 3 «:t7TO<^/i*{^€^WLtL-f. N 
MOS h vVi^X^Q 2 0 6 Ott5:^JS^tfit I L ti-if o ^Tic-g,, 

mm^<Dm^mp^Vim o-^^y-r^^mm) xi.t. pd_n= 

20 HtJ^COX^ PMOS h v>i^X^Q 2 0 4 ( 
PD_N) (J:<t 0;^-7*^^{::*-5o 

i<^^*ii§oS)f^®r?a^(3j;o. 'm&mmmm2 o i 

25 2 0 4 :^^II2 0 2 ®aj;^©#^gg©aBr^ 1 

6©B#^jt 2~t 3 ©^PbIIii^H^) •y^SW2 0 1 d^ffli;. Z(D 
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C 2 1 ti^^m^n^o ^(D^mTbmJt^t. nvr'Vi^-C 2 1 (DM^ 

zcoziy^y^C 2 1 ©5£TO^^<^ej^t3So*#, 0 5 

^ffl:3>7*V-9-C 2 2A^3E«^^^J&-r^0TN 2 0 5 ©dl;DVo 

10 ^?7.^Ql2 ^ Z\zmm.if'^fi^^^(0-7i. ZltLtdJ; 0 NMOS h 
;^^Q 2 0 6 ©ai:^J«SiEI L*<liJPLTl^<„ 

c(Dtb;t?«0Si I Lti. m»ji]§itg^2 0 1 n&m^ 

15 l3Epip$ti'S=i>T'V-»fC 2 \ (D%mM^\z^on.Ey 2 -€-©+A 
:;t?3ISi=^{j:5liP$n^a!i«BEVC<!:7&^ V 1 = V 2 = V Ctz^j:^ n 

o 1-7^^:^*.. 2 0 5 Oth;/3V o u t ti. m^mo^m^'^'^t^^ 

-t?EffijL> V 1 = V 2=VC{J:?^j:§l&fF;^-e^^-o< Ji^iiJ^c^o 
20 (^fc. ^^J:fcg!!lilg& 2 0 4 ©ijfF{;:ol>T. m 1 5 is J:t>'|ll 1 6 ^# 

Btj^Jt U^^^Mt 2<7)mfBl{Ctt. 016 (D) iZTTst^^iZ^ 
S/ED I S CH U-'^/K^^C'S©-^. itltcj; 19 NMO S 

X^Ci2 1 4*^^>LT3>-f'>-9-C 2 1 ©^mm?^:6^;^m$tl'So t 
25 /t. :iomf^\^^t^ 016 (A) ^JIHmBECHRGtiL 

PMOS h7>i^X5'Q2 1 Hi:^ 0 . 
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^m»iiig&2 0 3 iPh(o%m,m i /6^'»Tc^;&, 

<^Ij:> mnt 2i3^hm%\t 3 (^»M3F^{cti, gl 1 6 (B) {ZTT^t^oiz. 
mWBC}{RQnis<h\y^Mzti.V) ^ iintc: J: «3 PM 0 S b7>i?X 

5 I if^yy'y-^C 2 1 (30ltnT, nVT'VifC 2 1 ;6^^m$tL. nvf 
>i^-C2 1 0M5S<^«ffiV Hi. Ell 6 (E) {Jii^l" J: 9 l-Jii)P LTl^ 

<o 

B#^Jt 3{::«> g| 1 6 (B) \Z7rsir^0\z^ «fJfiaJ«ECHRGN*^L 
U^;l/?5^e.Hl'^;K2:E'fkL. PMOS h7>i^X^Q2 1 Z\,tf7 ii 
10 ?^j:oTrJ VT'V-y-C 2 1 O^mii^jh-T'SWT?. 016 (E) {zfr^t^ 

BfMt 4;6>^.B#Mt 5 *T*<^^F^ti. 016 (C) iZyfst ^ 
0\zmUnE.\^TEQi)m\y^)\^\zti^O'^^ NMOS hv>v*X:^ 
Q 2 1 3 ^^^^•ViJ&'So 3>7'>-!^C2 10MSS©€JEV1 

15 ;6^*«:9-||2 0 KDir^ryfOT 2(D-Xts^=^\zmw^ti^(0-Q. 
2 0 5 «±|2(^ ck ^ /j:»»itjmT d » 

Bf^jt 6 7&^'^>B#Mt 7t-e(D«^ra(*. Ell 6 (D) \Z7rst^') 
KUUn.&Y) I S C HG*^Hl'Aj;Kc;fiO. NMOS b7>i^X^Q2 
1 4*<4-><i:J^j:'S©Tf, 3V7»V-!fC 2 1 ©SJcm^^tfbn'l., ± 
20 IBOijfP^iliOJitc 

3®^]!ffe?^MT-ti. ±IBOJ: ^ [z^ m^i^^ 2 0 5 (^l±J:^V o u t loS 
'^\^xmE.-mMMMU^2 0 6;6^e>|ii;tJ$n'&^J^«^I L;6^^^ 19 
25 . lllEli®^li^M;6^^^^§©«. V 1 = V 2 =V C izti^tzt t 
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tZ.^-^^ PMOS hv>>^7.^Q2 1 2 ^X-r ^y^.vr-T'S-t^ti. 

tzimmE-C H R G Lfcm^pmjBEC H R G N {z:S-:?l^Tl^ 

5 ^^Ts<b1-§^. -eoTsTPMOS h vVi^X^'Q2 1 2i!s^7.^-j 
^y^^n. PMOS h^>>^Xi5'Q2 1 2if^>(Dmm''tTs/2 ( 

^-i-e. PMOS h7 Vi?X^Q2 1 2*^';^->OfflraTs/2 (j:. n 
Vr'VifC 2 1 l^^LTSm8lEa?.1118S2 0 3 bO^m^ U^J: 

10 ^n-ss^^Qti^ 3>7*v-9-c2 \ (omt^(omE.^y I t-t^t. d^o 

(12) ^{37ij;i>, 
Q= I X (T s/2) =C 2 1 XV 1 -(12) 

±IB©ck9{-l6iili*^^Etfc^lllT'ii. V 1=V2=VC 
;^'f ^y^v^ltKTsti. <5(i© ( 1 3) iC<^<kdl3^d:^e 

15 

Ts= ( (C 2 1 XVC) /I ) X 2 -(13) 
3iT% 'S^»i]^^ll2 0 l(^|gtJiji«f <!:^(7)^mi/T^(D 
m%^t. f = 1 /T 0M^:6^'* 0 . ;^ -r ^ > ^''^FbIT s ti^j^iJ ^ N 
tt^td^O (14) ^^J^C'So 
20 Ts=NxT -(14) 

( 1 3) ( 1 4) ^biti^^d^O (15) 
NXT= ( (C 2 1 XVC) / 1 ) X 2 -(15) 

( 1 5 ) it^T{J:-pl^T|?< <h. ( 1 6 ) ^;6^•^ibtl'S)o 
T= ( (C 2 1 XVC) /I) X (2/N) -(16) 
25 til^oT. f = l/T©M^<}:t9. ( 1 6 ) ^^56liJ^«f {c-:?l.^T 
g?<i:-, lil^^gl[|Sf (Hz) li. i^® ( 1 7) ^Ctc^N-tJ: •9t3>5;'So 
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&.±mm Ltd J: d ^ommmmizm^mmmiz^tnt. mmmi^ 
mt±B(D (1 7) i o^t 0. ^mgg I {mM\-}(ot&mB. 1 1 1 

10 1 -zxDi^^iz-oi^xm Ltzo L*^L. mmmoymtii^^uiimmn 
1 1 <sr«m».LTj3t. ^(ommo^mimn 1 1 o-pt.® i ^ 

ttz^ ±m(DmMm^x-i,t^ mmimm^z o 4 03>t'>-9-c 2 1 

15 ^A.i:>tL^J:':)lzmf$cir^^')\zLXiiBi\>\ ZO^^lztHit. "to 

25 ^fc, ±t&<Dmmmmxit. mm^&.t Lxmmmmmmmt btzU)^ 
. zMnmmm^m^ (vco) izR^^^dizi.xh^\,\ z(d^ 
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5 (5<j{i. *^B«®ii)ss^s«iiiif&©^ 1 nmmmommz'D^.^x. m i 

3 0 1 i:. ^o^till3 0 1 ©al:t?mfiE{^:So*l^T^±5;^7m«f^*<x-r 
10 i^j$m^;^>f <y ^Uli^ 3 0 2 (Ji r ^-f K (EI^^-^^■f ) iimm^ 

tii^^T. ^iiii3 0 Hi. El 1 7{z^^t^diz^ mmm^m^2 0 
15 1 . ^^Min 202. mmitmm^ 204. 205. is^xfms.- 
'mm^^m^2 0 e ^ii^'Ji^^^l. m^(DmE-m^m^m^2 0 e 

®ai:^mm^?0ISo«^»^^ig^2 0 KDAtlMizMMt^^oizL 

(Dx^^o mmit^mm2 0 4{::«. ^M^s?igii]^2 0 zt^i^mmmi)^ 
i^5img£x-f 9^iiifis 3 0 2 s 1 tc^-ri^jimesx-i' ^nias^r 

25 ^^LTl^^-So /cff 3©;ii^>i€Sft;;^-1''y^lHl«S3 0 2 "^li. g| He 
^■r^i^mgS7.'r«y^lilS&©X>r -y^SWl U SWl 2*. PM©M 
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OS hv^v'X^QS 0 1 tNmcDUOS h^>vX^Q3 0 2 d^n 
■etlM^^^^^Oi^LtCo ^LX^ MOS b^>V:^^Cl3 0 1. Q 
3 0 2 it. ^(O^Y-hKmm^O)^ 0 1 (DUitlM&^i'tMtimni. 

5 t^is. Z.<DMMMm:^^ 5^ 3 0 2 (Dmo^^om^it. m 1 

s^0mtxmmt^o 
20 4 0 1^. z(D^m$§A 0 1 (D\ht)mBizmr}K^xii!,timmi3^:^^ y ^ 

i^^imaftX-f •y^|l]«&4 0 2 tel.— <f3^^;^- K O^N-ar-f) mm,-^ 
|gig||4 0 I (i, -jiSS^incll^ll. */i:(i0 1 7 tJi^-T^^li 3 0 1 
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z. (D-m^n,^7.^ y ^ 4 0 2 oji^ii. s 8 t^i^-TiijgmjStx 

10 ±iB©^ 2 mmmm-^iii. ns^im^stx^r >y ^^lags 4 o 2 ^ ur 

15 0ii±o*jfflRrigt4 

i^(±^6'<fcj:-^{i. ^mmommnw,:^^ ^y^mmzj:nii^ Hitiv 
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S * O |g ffl 

5 m-t^mmmmt^m^. 

3. mBv-^7ta7(DAti^^^zmmt^m^(D^U7y^mf±^m 

20 i^liUB^Oi^J^S^X-f >y^|Blg&o 

MiB«»AM(^^5im0fiX'l' y5^lel«Sti. mifit^X-Y ^y^V^^LT 
25 aj:'Jl" -SB 1 ®ai;^ 01 a)V-X7;i-aTt??^^$n 
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. ijfB^2 ©tU:^ h^>->'X:S'^X^' >y^>^'^J^-r>l)^2tDMfflllllJ& 
<i:*^;i. friB0 2 <DV-X7:f a7t^tii;'7^^^Hi|iB^2(Dai:t? b7 
> S?X ^S' (DKti^=S- \zmm-t ^ttU^^ wMm 2©y-X7si-a7{i 

10 ^^mSSE^. 

5 1 
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5 

9. mmmtimmmMimmt^ 
15 m^^^miif^k>-mmi\^m^A.^]m^Bt. 

5^liIS&o 

20 10. HuiBRTEIgta^^ {i. UO^ Vyy'Jy^9if^t^U^z.t ^^mt 
1 1. wis&)^t}^U^MitW\t^ 15130 1 0 7-7.7:^ □ 7 60 th:^?tl 

<5: luiam 2 0 V - X 7 ;t a T o ai:^ffl!i © rain: . © mKm-^ ^fl^ 
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